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FPGA Array Architecture in Low Power Flash Devices

FPGA Array Architecture Support

The flash FPGAs listed in Table 1-1 support the architecture features described in this document.

Table 1-1 « Flash-Based FPGAs

Series Family” Description
IGLOO® IGLOO Ultra-low power 1.2 V to 1.5 V FPGAs with Flash*Freeze technology
IGLOOe Higher density IGLOO FPGAs with six PLLs and additional I/O standards
IGLOO nano The industry’s lowest-power, smallest-size solution
IGLOO PLUS IGLOO FPGAs with enhanced I/O capabilities
ProASIC®3 | ProASIC3 Low power, high-performance 1.5V FPGAs
ProASIC3E Higher density ProASIC3 FPGAs with six PLLs and additional I/O standards
ProASIC3 nano Lowest-cost solution with enhanced 1/O capabilities
ProASIC3L ProASIC3 FPGAs supporting 1.2 V to 1.5 V with Flash*Freeze technology
RT ProASIC3 Radiation-tolerant RT3PE6G0OL and RT3PE3000L
Military ProASIC3/EL Military temperature ASPE600L, A3P1000, and A3SPE3000L
Automotive ProASIC3 | ProASIC3 FPGAs qualified for automotive applications
Fusion Fusion Mixed signal FPGA integrating ProASIC3 FPGA fabric, programmable
analog block, support for ARM® Cortex™-M1 soft processors, and flash
memory into a monolithic device
Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics,

and packaging information.

IGLOO Terminology

In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO devices as listed
in Table 1-1. Where the information applies to only one product line or limited devices, these exclusions

will be explicitly stated.

ProASIC3 Terminology

In documentation, the terms ProASIC3 series and ProASIC3 devices refer to all of the ProASIC3 devices
as listed in Table 1-1. Where the information applies to only one product line or limited devices, these
exclusions will be explicitly stated.

To further understand the differences between the IGLOO and ProASIC3 devices, refer to the Industry’s
Lowest Power FPGASs Portfolio.
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Figure 1-3 « IGLOO Device Architecture Overview with Two I/O Banks with RAM and PLL
(60 k and 125 k gate densities)
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Figure 1-4 « IGLOO Device Architecture Overview with Three I/O Banks
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Flash*Freeze Technology and Low Power Modes

power supply and board-level configurations, the user can easily calculate how long it will take for the
core to become inactive or active. For more information, refer to the "Power-Up/-Down Behavior of Low
Power Flash Devices" section on page 373.

VCC =15V

vee Deactivation Trip Point
1 Vd=0.75+0.25V

Activation Trip Point
Va=0.85+0.25V

\
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Figure 2-8 « Entering and Exiting Sleep Mode, Typical Timing Diagram

Context Save and Restore in Sleep or Shutdown Mode

In Sleep mode or Shutdown mode, the contents of the SRAM, state of the 1/Os, and state of the registers
are lost when the device is powered off, if no other measure is taken. A low-cost external serial EEPROM
can be used to save and restore the contents of the device when entering and exiting Sleep mode or
Shutdown mode. In the Embedded SRAM Initialization Using External Serial EEPROM application note,
detailed information and a reference design are provided for initializing the embedded SRAM using an
external serial EEPROM. The user can easily customize the reference design to save and restore the
FPGA state when entering and exiting Sleep mode or Shutdown mode. The microcontroller will need to
manage this activity; hence, before powering down V¢, the data will be read from the FPGA and stored
externally. In a similar way, after the FPGA is powered up, the microcontroller will allow the FPGA to load
the data from external memory and restore its original state.

Flash*Freeze Design Guide

This section describes how designers can create reliable designs that use ultra-low power Flash*Freeze
modes optimally. The section below provides guidance on how to select the best Flash*Freeze mode for
any application. The "Design Solutions" section on page 35 gives specific recommendations on how to
design and configure clocks, set/reset signals, and I/Os. This section also gives an overview of the
design flow and provides details concerning Microsemi's Flash*Freeze Management IP, which enables
clean clock gating and housekeeping. The "Additional Power Conservation Techniques" section on
page 41 describes board-level considerations for entering and exiting Flash*Freeze mode.

Selecting the Right Flash*Freeze Mode

Both Flash*Freeze modes will bring an FPGA into an ultra-low power static mode that retains register
and SRAM content and sets 1/Os to a predetermined configuration. There are two primary differences
that distinguish type 2 mode from type 1, and they must be considered when creating a design using
Flash*Freeze technology.

First, with type 2 mode, the device has an opportunity to wait for a second signal to enable activation of
Flash*Freeze mode. This allows processes to complete prior to deactivating the device, and can be
useful to control task completion, data preservation, accidental Flash*Freeze activation, system
shutdown, or any other housekeeping function. The second signal may be derived from an external or in-
to-out internal source. The second difference between type 1 and type 2 modes is that a design for type
2 mode has an opportunity to cleanly manage clocks and data activity before entering and exiting
Flash*Freeze mode. This is particularly important when data preservation is needed, as it ensures valid
data is stored prior to entering, and upon exiting, Flash*Freeze mode.

Type 1 Flash*Freeze mode is ideally suited for applications with the following design criteria:
+ Entering Flash*Freeze mode is not dependent on any signal other than the external FF pin.
* Internal housekeeping is not required prior to entering Flash*Freeze.
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Flash*Freeze management IP. Additional information on this IP core can be found in the Libero online
help.

The Flash*Freeze management IP is comprised of three blocks: the Flash*Freeze finite state machine
(FSM), the clock gating (filter) block, and the ULSICC macro, as shown in Figure 2-10.

IGLOO, IGLOO PLUS, IGLOO nano,
ProASIC3L, or RT ProASIC3 Device

Flash*Freeze
Management |IP

INBUF
Clock Gating
filter
|XH > fiter) .
CLKINT ::
From Array °
CLKINT
Flash*Freeze Pin
Connect to Top-Level Port , > House
Eg ! - Flas';sFr\Teze) keeping
- (optional)
* INBUF_FF -
Flash*Freeze [®——=—=—[——- ULSICC Macro
Technology
User Design
LEGEND
Net

—  Logical Connection
— = =—=—p Hardwired Connection

Figure 2-10 « Flash*Freeze Management IP Block Diagram

Flash*Freeze Management FSM

The Flash*Freeze FSM block is a simple, robust, fully encoded 3-bit state machine that ensures clean
entrance to and exit from Flash*Freeze mode by controlling activities of the clock gating, ULSICC, and
optional housekeeping blocks. The state diagram for the FSM is shown in Figure 2-11 on page 38. In
normal operation, the state machine waits for Flash*Freeze pin assertion, and upon detection of a
request, it waits for a short period of time to ensure the assertion persists; then it asserts
WAIT_HOUSEKEEPING (active High) synchronous to the user’s designated system clock. This flag can
be used by user logic to perform any needed shutdown processes prior to entering Flash*Freeze mode,
such as storing data into SRAM, notifying other system components of the request, or timing/validating
the Flash*Freeze request. The FSM also asserts Flash_Freeze Enabled whenever the device enters
Flash*Freeze mode. This occurs after all housekeeping and clock gating functions have completed. The
Flash_Freeze Enabled signal remains asserted, even during Flash*Freeze mode, until the Flash*Freeze
pin is deasserted. Use the Flash_Freeze_Enabled signal to drive any logic in the design that needs to be
in a particular state during Flash*Freeze mode. The DONE_HOUSEKEEPING (active High) signal
should be asserted to notify the FSM when all the housekeeping tasks are completed. If the user
chooses not to use housekeeping, the Flash*Freeze management IP core generator in Libero SoC will
connect WAIT_HOUSEKEEPING to DONE_HOUSEKEEPING.
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The INBUF_FF must be driven by a top-level input port of the design.
The INBUF_FF AND the ULSICC macro must be used to enable type 2 Flash*Freeze mode.
For type 2 Flash*Freeze mode, the INBUF_FF MUST drive some logic in the design.

For type 1 Flash*Freeze mode, the INBUF_FF may drive some logic in the design, but it may also
be left floating.

Only one INBUF_FF may be instantiated in a device.

The FF pin threshold voltages are defined by VCCI and the supported single-ended /O standard
in the corresponding 1/O bank.

The FF pin Schmitt trigger option may be configured in the 1/O attribute editor in Microsemi's
Designer software. The Schmitt trigger option is only available for IGLOOe, IGLOO nano, IGLOO
PLUS, ProASIC3EL, and RT ProASIC3 devices.

A 2 ns glitch filter resides in the Flash*Freeze Technology block to filter unwanted glitches on the
FF pin.

ULSICC

The User Low Static ICC (ULSICC) macro allows the FPGA core to access the Flash*Freeze Technology
block so that entering and exiting Flash*Freeze mode can be controlled by the user's design. The
ULSICC macro enables a hard block with an available LSICC input port, as shown in Figure 2-3 on
page 27 and Figure 2-10 on page 37. Design rules for the ULSICC macro are as follows:

The ULSICC macro by itself cannot enable Flash*Freeze mode. The INBUF_FF AND the
ULSICC macro must both be used to enable type 2 Flash*Freeze mode.

The ULSICC controls entering the Flash*Freeze mode by asserting the LSICC input (logic '1') of
the ULSICC macro. The FF pin must also be asserted (logic '0') to enter Flash*Freeze mode.

When the LSICC signal is '0', the device cannot enter Flash*Freeze mode; and if already in
Flash*Freeze mode, it will exit.

When the ULSICC macro is not instantiated in the user's design, the LSICC port will be tied High.

Flash*Freeze Management IP

The Flash*Freeze management IP can be configured with the Libero (or SmartGen) core generator in a
simple, intuitive interface. With the core configuration tool, users can select the number of clocks to be
gated, and select whether or not to implement housekeeping. All port names on the Flash*Freeze
management IP block can be renamed by the user.

The clock gating (filter) blocks include CLKINT buffers for each gated clock output (version 8.3).

When housekeeping is NOT used, the WAIT_HOUSEKEEPING signal will be automatically fed
back into DONE_HOUSEKEEPING inside the core, and the ports will not be available at the IP
core interface.

The INBUF_FF macro is automatically instantiated within the IP core.

The INBUF_FF port (default name is "Flash_Freeze_N") must be connected to a top-level input
port of the design.

The ULSICC macro is automatically instantiated within the IP core, and the LSICC signal is driven
by the FSM.

Timing analysis can be performed on the clock domain of the source clock (i.e., input to the clock
gating filters). For example, if CLKin becomes CLKin_gated, the timing can be performed on the
CLKin domain in SmartTime.

The gated clocks can be added to the clock list if the user wishes to analyze these clocks
specifically. The user can locate the gated clocks by looking for instance names such as those
below:

Top/ff1l/ff_1 wrapper_inst/user_ff_1 wrapper/Primary_Filter_Instance/
Latch_For_Clock_Gating:Q

Top/ff1l/ff_1 wrapper_inst/user_ff_1 wrapper/genblkl.genblk2.secondary_filter[0].
seconday_Tfilter_instance/Latch_For_Clock_Gating:Q

Top/ffl/ff_1 wrapper_inst/user_ff_1 wrapper/genblkl.genblk2.secondary_filter[1].
seconday_Tfilter_instance/Latch_For_Clock_Gating:Q
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3 — Global Resources in Low Power Flash Devices

Introduction

Global

IGLOO, Fusion, and ProASIC3 FPGA devices offer a powerful, low-delay VersaNet global network
scheme and have extensive support for multiple clock domains. In addition to the Clock Conditioning
Circuits (CCCs) and phase-locked loops (PLLs), there is a comprehensive global clock distribution
network called a VersaNet global network. Each logical element (VersaTile) input and output port has
access to these global networks. The VersaNet global networks can be used to distribute low-skew clock
signals or high-fanout nets. In addition, these highly segmented VersaNet global networks contain spines
(the vertical branches of the global network tree) and ribs that can reach all the VersaTiles inside their
region. This allows users the flexibility to create low-skew local clock networks using spines. This
document describes VersaNet global networks and discusses how to assign signals to these global
networks and spines in a design flow. Details concerning low power flash device PLLs are described in
the "Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs" section on
page 77. This chapter describes the low power flash devices’ global architecture and uses of these global
networks in designs.

Architecture

Low power flash devices offer powerful and flexible control of circuit timing through the use of global
circuitry. Each chip has up to six CCCs, some with PLLs.

* In IGLOOe, ProASIC3EL, and ProASIC3E devices, all CCCs have PLLs—hence, 6 PLLs per
device (except the PQ208 package, which has only 2 PLLs).

* In IGLOO, IGLOO nano, IGLOO PLUS, ProASIC3, and ProASIC3L devices, the west CCC
contains a PLL core (except in 10 k through 30 k devices).

* In Fusion devices, the west CCC also contains a PLL core. In the two larger devices (AFS600 and
AFS1500), the west and east CCCs each contain a PLL.

Refer to Table 4-6 on page 100 for details. Each PLL includes delay lines, a phase shifter (0°, 90°,
180°, 270°), and clock multipliers/dividers. Each CCC has all the circuitry needed for the selection and
interconnection of inputs to the VersaNet global network. The east and west CCCs each have access to
three chip global lines on each side of the chip (six chip global lines total). The CCCs at the four corners
each have access to three quadrant global lines in each quadrant of the chip (except in 10 k through 30 k
gate devices).

The nano 10 k, 15 k, and 20 k devices support four VersaNet global resources, and 30 k devices support
six global resources. The 10 k through 30 k devices have simplified CCCs called CCC-GLs.

The flexible use of the VersaNet global network allows the designer to address several design
requirements. User applications that are clock-resource-intensive can easily route external or gated
internal clocks using VersaNet global routing networks. Designers can also drastically reduce delay
penalties and minimize resource usage by mapping critical, high-fanout nets to the VersaNet global
network.

Note: Microsemi recommends that you choose the appropriate global pin and use the appropriate global
resource so you can realize these benefits.

The following sections give an overview of the VersaNet global network, the structure of the global
network, access point for the global networks, and the clock aggregation feature that enables a design to
have very low clock skew using spines.
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Clock Aggregation Architecture

This clock aggregation feature allows a balanced clock tree, which improves clock skew. The physical
regions for clock aggregation are defined from left to right and shift by one spine. For chip global
networks, there are three types of clock aggregation available, as shown in Figure 3-10:

* Long lines that can drive up to four adjacent spines (A)
* Long lines that can drive up to two adjacent spines (B)
* Long lines that can drive one spine (C)
There are three types of clock aggregation available for the quadrant spines, as shown in Figure 3-10:
» 1/Os or local resources that can drive up to four adjacent spines
* 1/Os or local resources that can drive up to two adjacent spines
* |/Os or local resources that can drive one spine

As an example, ABPE600 and AFS600 devices have twelve spine locations: T1, T2, T3, T4, T5, T6, B1,
B2, B3, B4, B5, and B6. Table 3-7 shows the clock aggregation you can have in A3PE600 and
AFS600.

Ao nall -7 pall nall

B*%7 *%7 ] ] 7
—O—l

¢~}

Tn Tn+1 Tn+2 Tn+3 Tn+4

Figure 3-10 « Four Spines Aggregation
Table 3-7 « Spine Aggregation in A3PE600 or AFS600

Clock Aggregation Spine

1 spine T1,T2, T3, T4, T5, T6, B1, B2, B3, B4, B5, B6

2 spines T1:T2, T2:T3, T3:T4, T4:T5, T5:T6, B1:B2, B2:B3, B3:B4, B4:B5, B5:B6
4 spines B1:B4, B2:B5, B3:B6, T1:T4, T2:T5, T3:T6

The clock aggregation for the quadrant spines can cross over from the left to right quadrant, but not from
top to bottom. The quadrant spine assignment T1:T4 is legal, but the quadrant spine assignment T1:B1
is not legal. Note that this clock aggregation is hardwired. You can always assign signals to spine T1 and
B2 by instantiating a buffer, but this may add skew in the signal.
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Dynamic PLL Configuration

To generate a dynamically reconfigurable CCC, the user should select Dynamic CCC in the
configuration section of the SmartGen GUI (Figure 4-26). This will generate both the CCC core and the

configuration shift register / control bit MUX.

& smartgen.aws - SmartGen

M[=1

“we

| -\u".endo.r | -\u".ersion ] Detail.s

File Core Options View Help
D=E®ag?
=il ProASIC3E Pl for Clock Condibioning [ PLL
+ .3 Arithmetic : Yaristy Eunction
=8 Clock Conditioning / PLL B Sitetic PLL Static PLL
w Static PLL Dynamic CCC
Delayed Clock

® Dynamic CCC
ol Delayed Clock
+ &' Comparators
=47 Counters
[+ € Decoder
+ i FIFO
+ @ FlashROM
¥ 10
[+~ Logic

4
4
4
4

+-/F Minicores

i T:ll?plexor ™

[Pz tonavese | b camog |

Actel 20 FLL with programmable dividers a...
Actel 1.0 FLL with programmable dividers a...
Actel 20 Clock with programmable delay

Figure 4-26 « SmartGen GUI

Even if dynamic configuration is selected in SmartGen, the user must still specify the static configuration
data for the CCC (Figure 4-27). The specified static configuration is used whenever the MODE signal is
set to LOW and the CCC is required to function in the static mode. The static configuration data can be

used as the default behavior of the CCC where required.
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Figure 4-27 « Dynamic CCC Configuration in SmartGen
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Notes:

1. Automotive ProASIC3 devices restrict RAM4K9 to a single port or to dual ports with the same clock 180° out of
phase (inverted) between clock pins. In single-port mode, inputs to port B should be tied to ground to prevent
errors during compile. This warning applies only to automotive ProASIC3 parts of certain revisions and earlier.
Contact Technical Support at soc_tech@microsemi.com for information on the revision number for a particular lot

T

and date code.
2. For FIFO4K18, the same clock 180° out of phase (inverted) between clock pins should be used.
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Figure 6-3 « Supported Basic RAM Macros
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Depth
256 512 1,024 2,048 4,096 8,192 16,384 32,768 65,536
Two-Port Dual-Port Dual-Port Dual-Port Dual-Port Dual-Port Dual-Port Dual-Port Dual-Port Dual-Port
1 Number Block 1 1 1 1 1 1 2 4 8 16 x 1
Configuration Any Any Any 1,024 x 4 2,048 x 2 4,096 x 1 2 x (4,096 x 1) 4 x (4,096 x 1) 8 x (4,096 x 1) | 16 x (4,096 x 1)
Cascade Deep Cascade Deep Cascade Deep Cascade Deep
2 Number Block 1 1 1 1 1 2 4 8 16 32
Configuration Any Any Any 1,024x4 2,048 x 2 2% (4,096 x 1) 4 % (4,096 x 1) 8 x (4,096 x 1) | 16 x (4,096 x 1) | 32 x (4,096 x 1)
Cascaded Wide [Cascaded 2 Deep|Cascaded 4 Deep|Cascaded 8 Deep| Cascaded 16
and 2 Wide and 2 Wide and 2 Wide Deep and 2 Wide
4 Number Block 1 1 1 1 2 4 8 16 32 64
Configuration Any Any Any 1,024 x 4 2 x (2,048 x 2) 4 x (4,096 x 1) 4% (4,096 x 1) | 16 % (4,096 x 1) | 32 x (4,096 x 1) | 64 x (4,096 x 1)
Cascaded Wide | Cascaded Wide |Cascaded 2 Deep|Cascaded 4 Deep|Cascaded 8 Deep| Cascaded 16
and 4 Wide and 4 Wide and 4 Wide Deep and 4 Wide
8 Number Block 1 1 1 2 4 8 16 32 64
Configuration Any Any Any 2 x (1,024 x 4) 4 x (2,048 x 2) 8x(4,096%x1) | 16 x (4,096 x 1) | 32 x (4,096 x 1) | 64 x (4,096 x 1)
Cascaded Wide | Cascaded Wide | Cascaded Wide |Cascaded 2 Deep|Cascaded 4 Deep|Cascaded 8 Deep
and 8 Wide and 8 Wide and 8 Wide
9 Number Block 1 1 1 2 4 8 16 32
Configuration Any Any Any 2x (512 x9) 4 x (512 x 9) 8 x (512 x9) 16 x (512 x 9) 32 x (512 x 9)
Cascaded Deep | Cascaded Deep | Cascaded Deep | Cascaded Deep | Cascaded Deep
16 | Number Block 1 1 1 4 8 16 32 64
£ Configuration 256 x 18 256 x 18 256 x 18 4 x (1,024 x 4) 8 x (2,048 x2) | 16 x (4,096 x 1) | 32x (4,096 x 1) | 32 x (4,096 x 1)
-;3 Cascaded Wide | Cascaded Wide | Cascaded Wide |Cascaded 2 Deep|Cascaded 4 Deep
and 16 Wide and 16 Wide
18 | Number Block 1 2 2 4 8 18 32
Configuration 256 x 8 2x(512x9) 2x(512x9) 4 x(512x9) 8 x (512 x9) 16 x (512 x 9) 16 x (512 x 9)
Cascaded Wide | Cascaded Wide |Cascaded 2 Deep|Cascaded 4 Deep|Cascaded 8 Deep| Cascaded 16
and 2 Wide and 2 Wide and 2 Wide Deep and 2 Wide
32| Number Block 2 4 4 8 16 32 64
Configuration 2 x (256 x 18) 4 x (512 x 9) 4 x (512 x 9) 8x (1,024 x4) | 16 x (2,048 x2) | 32x (4,096 x 1) | 64 x (4,096 x 1)
Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide |Cascaded 2 Deep
and 32 Wide
36 [ Number Block 2 4 4 8 16 32
Configuration 2 x (256 x 18) 4 x (512 x 9) 4 x (512 x9) 4 x(512x9) 16 x (512 x 9) 16 x (512 x 9)
Cascaded Wide | Cascaded Wide | Cascaded Wide |Cascaded 2 Deep|Cascaded 4 Deep | Cascaded 8 Deep
and 4 Wide and 4 Wide and 4 Wide
64 | Number Block 4 8 8 16 32 64
Configuration 4 x (256 x 18) 8 x (512 x9) 8 x (512 x9) 16 x (1,024 x 4) | 32 x (2,048 x2) | 64 x (4,096 x 1)
Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide
72 | Number Block 4 8 8 16 32
Configuration 4 x (256 x 18) 8 x (512 x 9) 8 x (512 x 9) 16 x (512 x 9) 16 x (512 x 9)
Cascaded Wide | Cascaded Wide | Cascaded Wide | Cascaded Wide |Cascaded 4 Deep
and 8 Wide
Note: Memory configurations represented by grayed cells are not supported.
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices

Device was updated to replace "A3P030 and AGL030" with "15 k and 30 k gate
devices." Table 6-8 « Memory Availability per IGLOO and ProASIC3 Device was
updated to remove AGL400 and AGLE1500 and include IGLOO PLUS and
ProASIC3L devices.

Date Changes Page
v1.1 Table 6-1 « Flash-Based FPGAs and associated text were updated to include the 150
(continued) IGLOO PLUS family. The "IGLOO Terminology" section and "ProASIC3
Terminology" section are new.
The text introducing Table 6-8 « Memory Availability per IGLOO and ProASIC3 162
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Table 7-12 « 1/O Hot-Swap and 5 V Input Tolerance Capabilities in IGLOO and ProASIC3 Devices

Clamp Diode 1 Hot Insertion 5V Input Tolerance 2
Other Other Other
IGLOO IGLOO IGLOO
AGL030 and AGLO015 Devices AGL030 and
and ProASIC3 and and All and ProASIC3 | Input and Output

I/O Assignment A3P030 | Devices | AGL030 | ProASIC3 | A3P030 | Devices Buffer
3.3V LVTTL/LVCMOS No Yes Yes No Yes 2 Yes 2 Enabled/Disabled
3.3V PCl, 3.3V PCI-X N/A Yes N/A No N/A Yes 2 Enabled/Disabled
LVCMOS 2.5V ° No Yes Yes No Yes 2 Yes* | Enabled/Disabled
LVCMOS 2.5V/5.0V ® N/A Yes N/A No N/A Yes 4 Enabled/Disabled
LVCMOS 1.8V No Yes Yes No No No Enabled/Disabled
LVCMOS 1.5V No Yes Yes No No No Enabled/Disabled
Differential, LVDS/ N/A Yes N/A No N/A No Enabled/Disabled
B-LVDS/M-
LVDS/LVPECL
Notes:

1. The clamp diode is always off for the AGL030 and A3P030 device and always active for other IGLOO and

ProASIC3 devices.

o gk WD

devices; select the LVCMOS5 macro.

Can be implemented with an external resistor and an internal clamp diode.
The LVCMOS 2.5 V /O standard is supported by the 30 k gate devices only; select the LVCMOS25 macro.
The LVCMOS 2.5V /5.0V I/O standard is supported by all IGLOO and ProASIC3 devices except 30K gate

Can be implemented with an external IDT bus switch, resistor divider, or Zener with resistor.
Refer to Table 7-8 on page 189 to Table 7-11 on page 190 for device-compliant information.
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1/0 Structures in IGLOOe and ProASIC3E Devices

I/O Banks and I/0O Standards Compatibility

1/Os are grouped into I/O voltage banks.
Each 1/0O voltage bank has dedicated I/O supply and ground voltages (VMV/GNDQ for input buffers and
Vcc/GND for output buffers). Because of these dedicated supplies, only I/Os with compatible standards
can be assigned to the same 1/O voltage bank. Table 8-3 on page 217 shows the required voltage
compatibility values for each of these voltages.
There are eight I/O banks (two per side).
Every I/O bank is divided into minibanks. Any user I/O in a VREF minibank (a minibank is the region of
scope of a VREF pin) can be configured as a VREF pin (Figure 8-2). Only one Vggp pin is needed to
control the entire Vggr minibank. The location and scope of the Vggr minibanks can be determined by
the 1/0 name. For details, see the user I/O naming conventions for "IGLOOe and ProASIC3E" on
page 245. Table 8-5 on page 217 shows the |/O standards supported by IGLOOe and ProASIC3E
devices, and the corresponding voltage levels.
I/0O standards are compatible if they comply with the following:

+ Their VCCI and VMV values are identical.

* Both of the standards need a VREF, and their VREF values are identical.

+ Allinputs and disabled outputs are voltage tolerant up to 3.3 V.
For more information about I/0O and global assignments to I/O banks in a device, refer to the specific pin

table for the device in the packaging section of the datasheet, and see the user I/O naming conventions
for "IGLOOe and ProASIC3E" on page 245.

CCC/PL
g

Bank 2

Bank 3

|CCC/PLL[\

110 [X
Common VREF E
signal for all 1/0s = /0
in VREF minibanks i

Any 1/O in a VREF
N
VECl I>XJ || minibank can be used to
»x >provide the reference

voltage to the common
VREF signal for the VREF

!

»x‘ minibank.
> 0
Up to five VREF
minibanks within |70 [X]
an 1/O bankF
~ 110 X
| IO PDt+— /0 Pad
veel X
VREF signal scope is > el P
between 8 and 18 1/Os. GND

XX

:
X

Figure 8-2 » Typical IGLOOe and ProASIC3E I/0 Bank Detail Showing Vggr Minibanks
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1/0 Structures in IGLOOe and ProASIC3E Devices

Features Supported on Every I/O

Table 8-6 lists all features supported by transmitter/receiver for single-ended and differential 1/Os.
Table 8-7 on page 219 lists the performance of each I/O technology.

Table 8-6 « IGLOOe and ProASIC3E I/O Features

Feature

Description

Alll/O

High performance (Table 8-7 on page 219)
Electrostatic discharge protection
I/O register combining option

Single-Ended and Voltage-Referenced
Transmitter Features

Hot-swap in every mode except PCl or 5 V—input—
tolerant (these modes use clamp diodes and do not
allow hot-swap)

Activation of hot-insertion (disabling the clamp diode)
is selectable by I/Os.

Output slew rate: 2 slew rates
Weak pull-up and pull-down resistors
Output drive: 5 drive strengths
Programmable output loading

Skew between output buffer enable/disable time: 2 ns
delay on rising edge and 0 ns delay on falling edge
(see "Selectable Skew between Output Buffer Enable
and Disable Times" section on page 236 for more
information)

LVTTL/LVCMOS 3.3 V outputs compatible with 5V
TTL inputs

Single-Ended Receiver Features

5 V—input-tolerant receiver (Table 8-13 on page 231)
Schmitt trigger option

Programmable delay: 0 ns if bypassed, 0.625 ns with
'000' setting, 6.575 ns with '111' setting, 0.85-ns
intermediate delay increments (at 25°C, 1.5 V)

Separate ground plane for GNDQ pin and power
plane for VMV pin are used for input buffer to reduce
output-induced noise.

Voltage-Referenced Differential Receiver
Features

Programmable delay: 0 ns if bypassed, 0.46 ns with
'000' setting, 4.66 ns with '111' setting, 0.6-ns
intermediate delay increments (at 25°C, 1.5 V)

Separate ground plane for GNDQ pin and power
plane for VMV pin are used for input buffer to reduce
output-induced noise.

CMOS-Style LVDS, B-LVDS, M-LVDS, or
LVPECL Transmitter

Two I/Os and external resistors are used to provide a
CMOS-style LVDS, DDR LVDS, B-LVDS, and M-
LVDS/LVPECL transmitter solution.

Activation of hot-insertion (disabling the clamp diode)
is selectable by 1/Os.

High slew rate
Weak pull-up and pull-down resistors
Programmable output loading

LVDS, DDR LVDS, B-LVDS, and
M-LVDS/LVPECL Differential Receiver
Features

Programmable delay: 0 ns if bypassed, 0.46 ns with
'000' setting, 4.66 ns with '111' setting, 0.6-ns
intermediate delay increments (at 25°C, 1.5 V)
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1/0 Structures in IGLOOe and ProASIC3E Devices

Conclusion

IGLOOe and ProASIC3E support for multiple 1/0 standards minimizes board-level components and
makes possible a wide variety of applications. The Microsemi Designer software, integrated with Libero
SoC, presents a clear visual display of I/0 assignments, allowing users to verify /0O and board-level
design requirements before programming the device. The IGLOOe and ProASIC3E device I/O features
and functionalities ensure board designers can produce low-cost and low power FPGA applications
fulfilling the complexities of contemporary design needs.

Related Documents

Application Notes

Board-Level Considerations
http://www.microsemi.com/soc/documents/ALL_AC276_AN.pdf

User’s Guides

ProASIC3 FPGA Fabric User’s Guide
http://www.microsemi.com/soc/documents/PA3_UG.pdf
ProASIC3E FPGA Fabric User’s Guide
http://www.microsemi.com/soc/documents/PA3E_UG.pdf
IGLOOe FPGA Fabric User’s Guide
http://www.microsemi.com/soc/documents/IGLOOe_UG.pdf
Libero SoC User’s Guide
http://www.microsemi.com/soc/documents/libero_ug.pdf
IGLOO, Fusion, and ProASIC3 Macro Library Guide
http://www.microsemi.com/soc/documents/pa3_libguide_ug.pdf
SmartGen Core Reference Guide
http://www.microsemi.com/soc/documents/genguide_ug.pdf
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1/0 Software Control in Low Power Flash Devices

those banks, the user does not need to assign the same VCCI voltage to another bank. The user needs
to assign the other three VCCI voltages to three more banks.

Assigning Technologies and VREF to 1/0 Banks

Low power flash devices offer a wide variety of I/O standards, including voltage-referenced standards.
Before proceeding to Layout, each bank must have the required VCCI voltage assigned for the
corresponding 1/O technologies used for that bank. The voltage-referenced standards require the use of
a reference voltage (VREF). This assignment can be done manually or automatically. The following
sections describe this in detail.

Manually Assigning Technologies to I/O Banks
The user can import the PDC at this point and resolve this requirement. The PDC command is

set_iobank [bank name] —vcci [vcci value]

Another method is to use the 1/0 Bank Settings dialog box (MVN > Edit > I/O Bank Settings) to set up
the V¢, voltage for the bank (Figure 9-12).

170 Bank Settings E| l

Chooze Bank: Bankd hd

Select all technologies that the bank should support

W LYTTL W PCI v Pl

L L r

L v LWCMOS 3.39
L [~ GTL 3.3V

L [~ GTL+ 3.3

r r

[~ 55TL3 [~ 55TL 3N

L L

v LYPECL L

WL 330

QK | Cancel | Apply Help

Figure 9-12 « Setting VCCI for a Bank
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& Microsemi

ProASIC3L FPGA Fabric User’'s Guide

Programming the low power flash devices is performed using DirectC or the STAPL player. Both tools
use the STAPL file as an input. DirectC is a compiled language, whereas STAPL is an interpreted
language. Microprocessors will be able to load the FPGA using DirectC much more quickly than STAPL.
This speed advantage becomes more apparent when lower clock speeds of 8- or 16-bit microprocessors
are used. DirectC also requires less memory than STAPL, since the programming algorithm is directly
implemented. STAPL does have one advantage over DirectC—the ability to upgrade. When a new
programming algorithm is required, the STAPL user simply needs to regenerate a STAPL file using the
latest version of the Designer software and download it to the system. The DirectC user must download
the latest version of DirectC from Microsemi, compile everything, and download the result into the system

(Figure 15-4).

STAPL Flow DirectC Flow

Generate the
New STAPL File

DirectC Source Code Input STAPL File

Y

Y

Download to System

Microprocessor
Compiler

Program Device BIN

File

Download to System

\

Program Device

Figure 15-4 « STAPL vs. DirectC
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UJTAG Applications in Microsemi’s Low Power Flash Devices

UJTAG Support in Flash-Based Devices

The flash-based FPGAs listed in Table 17-1 support the UJTAG feature and the functions described in

this document.

Table 17-1 « Flash-Based FPGAs

Series Family” Description
IGLOO IGLOO Ultra-low power 1.2 V to 1.5 V FPGAs with Flash*Freeze technology
IGLOOe Higher density IGLOO FPGAs with six PLLs and additional I/O standards
IGLOO nano The industry’s lowest-power, smallest-size solution
IGLOO PLUS IGLOO FPGAs with enhanced I/O capabilities
ProASIC3 ProASIC3 Low power, high-performance 1.5V FPGAs
ProASIC3E Higher density ProASIC3 FPGAs with six PLLs and additional I/O standards
ProASIC3 nano Lowest-cost solution with enhanced 1/O capabilities
ProASIC3L ProASIC3 FPGAs supporting 1.2 V to 1.5 V with Flash*Freeze technology
RT ProASIC3 Radiation-tolerant RT3PE600L and RT3PE3000L
Military ProASIC3/EL | Military temperature A3BPE600OL, A3P1000, and A3PE3000L
Automotive ProASIC3 | ProASIC3 FPGAs qualified for automotive applications
Fusion Fusion Mixed signal FPGA integrating ProASIC3 FPGA fabric, programmable
analog block, support for ARM® Cortex™-M1 soft processors, and flash
memory into a monolithic device
Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics,

and packaging information.

IGLOO Terminology

In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO devices as listed
in Table 17-1. Where the information applies to only one product line or limited devices, these exclusions
will be explicitly stated.

ProASIC3 Terminology

In documentation, the terms ProASIC3 series and ProASIC3 devices refer to all of the ProASIC3 devices
as listed in Table 17-1. Where the information applies to only one product line or limited devices, these
exclusions will be explicitly stated.

To further understand the differences between the IGLOO and ProASIC3 devices, refer to the Industry’s
Lowest Power FPGAs Portfolio.
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Power-Up/-Down Behavior of Low Power Flash Devices

Vee

VCC = 1.575 V—

VCC =114V —

Activation trip point:
V,=085V+02V
Deactivation trip point:
Vyg=075V 02V

VCC =VCCI + VT
where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

\

. \ Region 4: /0 Region 5: 1/0 buffers are ON
Region 1: 1/0O Buffers are OFF buffers are ON. and power supplies are within
1/Os are functional specification.

1/Os meet the entire datasheet
and timer specifications for

(except differential inputs)
but slower because VCCl is
below specification. For the
same reason, input buffers do not
meet VIH / VIL levels, and output
buffers do not meet VOH / VOL levels.

speed, VIH/VIL, VOH / VOL, etc.

Region 2: 1/0 buffers are ON.

1/0s are functional (except differential inputs)
but slower because VCCI/VCC are below
specification. For the same reason, input
buffers do not meet VIH/VIL levels, and
output buffers do not meet VOH/VOL levels.

Region 3: 1/0 buffers are ON.
1/Os are functional; I/O DC
specifications are met,

but I/Os are slower because
the VCC is below specification.

Region 1: 1/0 buffers are OFF

Y

f !

Activation trip point: Min VCCI datasheet specification
V,=09V+0.15V voltage at a selected 1/0
Deactivation trip point: standard; i.e., 1.14 V,1.425V, 1.7V,

Vy=08V+0.15V 23V,or3.0V

VCCI

Figure 18-5 « I/O State as a Function of VCCI and VCC Voltage Levels for IGLOO V2, IGLOO nano V2,

IGLOO PLUS V2, and ProASIC3L Devices Running at VCC =12V £ 0.06 V
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